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The object of this study is the processes of assessing dig-
ital culture, the purpose is to devise methodological founda-
tions for assessing digital culture in the systems of sustain-
able development of universities. The problem of insufficient
methodological support for assessing digital culture makes it
impossible to effectively manage the sustainable development
of the university. The study is based on the example of proj-
ects carried out by students at the Lviv Polytechnic National
University’s course ‘Fundamentals of Entrepreneurship and
Business Planning Using IT’, which applies digital technol-
ogies based on sustainable development. For the expert eval-
uation of the digital culture of student projects, a system of
indicators has been formed that comprehensively covers
it (‘digital security’, ‘digital literacy’, ‘creativity in the dig-
ital environment’, ‘use of social networks and communica-
tions’, ‘innovation’, ‘digital rights and ethics’). The diver-
sity of the indicators was agreed upon by establishing their
significance and using the Saati pairwise comparison meth-
od. The substantiation of the digital culture indicators was
implemented with the help of a mathematical model based
on the matrix approach, using the methods of fuzzy set the-
ory. The calculation of the significance of the digital cul-
ture indicators showed that the largest share is accounted
Jor by the indicators ‘digital literacy’ (36 %), ‘digital rights
and ethics’ (28 %), ‘digital security’ (16 %), ‘creativity in
the digital environment’ (12 %). The lowest is ‘use of social
networks and communications’ (4 per cent) and ‘innova-
tion’ (4 per cent). In order to measure the level of digital cul-
ture, a pairwise comparison of the projects for each indicator
was performed. On the basis of resulting estimates, the corre-
sponding matrices of pairwise comparisons of projects were
constructed, for each of which the measures of belonging of
elements to a fuzzy set were established. The fuzzy sets were
defined, which indicate the degree of certainty in the compli-
ance of student projects with the indicators of digital culture.
Based on the results of testing, the student project ‘MyNature’
satisfies the group of indicators of the level of digital cul-
ture by 71.2 %, ‘HealthyWay’ — by 53.5 %, ‘!!!Boooya’ —
by 48.8 %. The other projects — FizMat:), Medix, and

liiiiisty!” — 36.3 %, 36.4 %, and 42.1 %, respectively
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1. Introduction

Spreading the concept of sustainable development, which
involves a balance between economic growth, social justice,
and environmental protection, is a key vector of modern
human life. Digital technologies are considered one of the
most powerful tools for its implementation. Digitization and
sustainable growth are characterized by mutual influence.
On the one hand, sustainability concepts determine the use
of energy- and resource-saving technologies, which is often
achieved due to their automation and digitalization. On
the other hand, sustainability guidelines contribute to the
development of increasingly new digital technologies aimed
at improving the management of natural resources, reducing
waste, optimizing consumption, etc. The identified processes
of interaction of sustainable development and digital tech-
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nologies are mediated by digital culture, which creates new
opportunities for such progress, but at the same time poses
new challenges to humanity. Among them, the following
are significant: the digital divide and digital dependence,
the environmental effect of digitalization, data privacy and
security, the impact of automation on the labor market, in-
formation overload and fake news, ethical issues of artificial
intelligence, etc. Solving the problems of digital culture in
the context of increasing the effectiveness of the implemen-
tation of the concept of sustainable development is one of the
urgent tasks of modern economic science and practice.

In particular, the above is confirmed by data from the
Pew Research Center [1], according to which 28 % of users
consider disinformation to be the main problem of digital
social media networks, which is spreading at a fast pace and
mostly remains uncorrected. According to community anal-




ysis by The Enterprisers Project [2], 65 % of managers noted
that they face discriminatory biases in artificial intelligence
systems, which often reproduce or even reinforce them. Af-
ter all, its algorithms are trained on data that may contain
historical or social injustices: for example, discrimination in
the field of lending, employment, court sentences. This level
of digital culture makes it impossible to implement the goals
of sustainable development.

From an environmental point of view, digital culture is
characterized by even greater difficulties. For example, ac-
cording to reports of the United Nations Environment Pro-
gram [3], in 2021 53.6 million tons of e-waste were generat-
ed worldwide, and only about 20 % of it is properly recycled.
The constant updating of gadgets and rapid replacement
of old devices exacerbates this problem. Based on Sunbird
data [4], it is clear that the energy consumption of digital
infrastructure, in particular data centers, continues to grow.
In 2022 they consumed about 460 TWh, which was about
1.3 % of the world’s electricity consumption. It is expected
that by 2026 this level will increase to over 1,000 TWh due
to the increased use of artificial intelligence and cryptocur-
rency technologies.

The directions for solving the outlined problems are en-
suring critical moments, identifying, and eliminating situa-
tions where an inappropriate level of digital culture can have
a negative impact on sustainable development. Solving this
issue should be approached comprehensively, implementing
its solution in various sustainability systems. Among them,
systems developed and implemented at universities are
considered strategic. It is in the educational realm that the
foundation is laid for the young generation to understand
the principles of a balanced, harmonious, and fruitful coex-
istence of human and nature. Teaching students to care for
the environment through the systematic implementation of
sustainable development measures during the educational
process should contribute to their understanding of respon-
sibility for the results of their further professional activities.
Accordingly, it will increase the level of their digital culture.

However, from a practical point of view, the theoretical,
methodological, and applied support for solving the problems
of digital culture on the basis of sustainable development is
currently insufficiently developed. For example, the question
remains open — how to measure the level of digital culture in
the university, how to determine the problematic factors of
digitalization that have a negative impact on the components
of the system of sustainable development, how to ensure sus-
tainable growth through the management of digital culture.
Answers to these questions would make it possible to form
scenarios for the university’s exit from critical phases in
sustainable development systems. In addition, it would help
the participants of the educational process to reduce falling
into digitalization traps, which lead to a decrease in the level
of digital culture.

Our study of a number of Ukrainian universities testified
that even while most of them have sustainable develop-
ment strategies, there are methodological problems. Such as
non-compliance with the principles of digital culture; lack of
methods and models for assessing the level of digital culture
on the basis of sustainability; failure to complete activities
taking into account the goals of sustainable development
in the educational process. This objectively makes further
improvement of digital culture impossible.

The above erodes the foundations of the management of
the systems of sustainable development at universities and

inhibits the improvement of the level of digital culture. After
all, without appropriate methodological support, it is not at
all obvious how and to what level the state of digital culture
should be studied, how to evaluate the results, based on
which to adjust the scenarios of the university’s sustainable
development. Therefore, research aimed at solving the prob-
lems of evaluating digital culture in the systems of sustain-
able development at universities is relevant, scientifically
and practically significant for modern science and practice in
both educational-scientific and other sectors of the economy.

2. Literature review and problem statement

Our review of the related literature showed the multifac-
eted approaches of scientists to the issue of methodological
support for the evaluation of digital culture in the systems
of sustainable development at universities. In particular, the
basics of awareness and the principles of the spread of digital
culture are given in work [5], in which digital technologies
are presented on the basis of a balanced theory and empirical
analysis of their research. A similar scientific idea can be
found in [6], the authors of which justify the concepts of the
development of culture and society in the digital era. In the
paper, the study of digital culture is reported as a means of
understanding the digital society. The approach of scientists
is based on the fact that the essence of the digital revolution
is fully manifested in the cultural changes taking place in
society. The indicated points of view reflect only fragments
of the multifaceted issues of digital culture, but do not form
methodologies for ensuring digital culture on the basis of
sustainable growth.

On the other hand, a number of scientists consider the
phenomenon of digital culture from the standpoint of the
development of innovativeness. For example, methods of
analyzing innovativeness, where elements of digital culture
are presented, are outlined in [7]. Study [8] describes the
requirements for establishing the level of digital culture in
terms of determining the innovativeness of R&D products
of industrial enterprises. However, these developments make
it possible to use them when assessing the level of university
digital culture only partially, which is due to their other
target function. An option for solving this problem is the
methods of evaluating the effectiveness of the implementa-
tion of immersive technologies described in [9]. This method
is interesting from the point of view of evaluating elements
of digital culture during the use of augmented and virtual
reality technologies in the educational process, but it does
not provide other evaluation situations. At the same time,
despite the high scientific value of the cited works, they did
not pay attention to the problems of digital culture on the
basis of sustainability.

In part, the authors of [10] who carried out a system-
atic review of interactions between organizational culture,
sustainability, and digitalization, resort to describing the
relationship between digital culture and sustainable devel-
opment. Scientists [11] also worked in this scientific area
by considering the concepts of sustainable development and
digital transformation. However, their studies do not men-
tion universities, which are among the strategic participants
in the global system of sustainable growth.

In the context of substantiating the connection between
the concepts of digitization and sustainability, work [12]
should be noted, in which the latter is differentiated by the



authors into ecological, economic, and social. The role of
digital transformation to achieve sustainable development
from the point of view of stakeholders is highlighted in [13].
In general, progress in the field of sustainable development
on the basis of digital transformation is disclosed in [14].
In work [15], it is justified from the standpoint of economic
sustainability, how new digital technologies can contribute
to the transition to a sustainable economy of a closed cycle,
an economy of digital exchange, as well as create sustainable
production and infrastructure design. From this point of
view, study [16], which highlights the relationship between
digitization and sustainable development, is of scientific
interest. Building on the study of the problem in this aspect,
one should note the study of digital culture as a phenomenon
within the scope of studying the subject of digital capital,
presented in [17]. However, the cited works are mostly
conceptual. From them, individual elements of the meth-
odological toolkit for data collection and analysis of factors
affecting digital culture under the conditions of sustainable
development of universities can be obtained.

Considering the problem of evaluating digital culture
on the basis of sustainable development from the stand-
point of the efficiency of business entities, it is advisable to
pay attention to work [18]. Its authors proposed a research
model, which assumes that the development of a digital
organizational culture contributes to both the process of
digitalization of business and the creation of value with the
help of digital tools, with the strategic goal of improving the
results of the organization’s functioning. At the same time, in
this vein, paper [19] proved that the digitalization of prod-
ucts and services is mediated by market demands dictated
by the innovative development of the creative economy.
The value of this work in the context of the problem is that
the elements of digitalization are considered by the authors
in the context of the strategy of sustainable development
of Ukraine and the world. This is also partially mentioned
in [20], in which the issue of information support for the
evaluation of achievements in the field of work using micro-
data, determined by the factors of digital culture, is raised.
Separate methodical elements of digitalization analysis are
substantiated in [21], in which scientists took into account
the components of digital culture when determining the ef-
fectiveness of the organizational and economic mechanism of
regulatory policy in agriculture. Some of the scientific ideas
of this work, such as the use of a system of analytical indica-
tors, can be applied to situations of evaluating digital culture
in the systems of sustainable development at universities.
Without diminishing the weight of the above developments,
which are important ideologically, it should be noted that
the practice of measuring the specified processes falls out of
the scope of the presented studies.

Inadequate representation in the literature of method-
ological support for the assessment of digital culture at uni-
versities led to the need to change the approach to scientific
research. In particular, it is appropriate to consider digital
culture in various contexts of the educational and scientific
environment.

For example, the authors of study [22] approached the
consideration of this issue from a worldview, substantiating the
principles of the development of digital consumer culture and
its relationship with digital acculturation. They explained the
reciprocal, iterative, and dynamic relationships between digital
consumer culture and digital acculturation. However, no al-
gorithm for determining the level of digital culture was given.

The methodical tools of digitization and sustainable
development are given in [23], in which, in particular,
approaches to teaching sustainable growth in the era of
digital technologies are discussed. Important aspects of
interaction between digital culture and education are pre-
sented in work [24]. In study [25], the concept of “digital
culture” characterizes the processes of virtual exchange.
Methodological developments proposed by these authors
can be partially used within the framework of the specified
problems. In particular, when establishing logical evaluative
expressions for the purpose of comparing objects of digital
culture. However, it also does not provide a comprehensive
answer to the sought questions.

From a scientific point of view, the experience of coun-
tries in the world in the subject area is valuable for study.
Approaches to the provision of public services for digital
culture in China were analyzed in [26]; in work [27], issues
of digital culture were considered within the framework
of analyzing a number of economic processes of the Polish
economy. However, the proposed methodological elements
cannot be fully transferred to the systems of sustainable
development at domestic universities. The reason is that the
digital economies of these countries are significantly differ-
ent from the Ukrainian one.

Therefore, the analysis of a significant number of stud-
ies in the field of science and practice of digitalization and
sustainable development proved the practical absence of
methods for evaluating digital culture in the systems of
sustainable development at universities. The analyzed works
present approaches aimed at solving the tasks of analyzing
digital culture and ensuring sustainable development, but all
of them are characterized by a fragmentary nature.

It should also be noted that, for the most part, the prob-
lems of digital culture are not considered in the context of
the concept of sustainability. And therein lies a significant
problem since it is digital tools that often act as mechanisms
for implementing sustainable development.

The issues of developing indicators of the level of digital
culture on the basis of the goals of sustainable development
remain unresolved. The lack of such indicators and methods
of their analysis and interpretation of results makes it im-
possible to define digital culture. Accordingly, it does not
make it possible to substantiate the arguments regarding the
improvement of the university’s sustainable growth strategy.
All this gives reason to assert that it is important to devise
methodological principles for evaluating digital culture
in the systems of sustainable development of universities,
which will become a valuable basis for the practice of strate-
gic management of them.

3. The aim and objectives of the study

The purpose of our study is to devise methodological
principles for evaluating digital culture in the systems of sus-
tainable development of universities. The results will make it
possible, on the one hand, to measure the level of digital cul-
ture, which will contribute to deepening the understanding
of the participants of the educational process of the positive
and negative aspects of their activities from the standpoint
of sustainability. On the other hand, the received assess-
ments will serve as a basis for the formation of scenarios for
adjusting student and teaching activities in the systems of
sustainable development of universities, which will lead to



an increase in the level of digital culture. Methodological
principles should become the basis for further use when
justifying digitalization measures on the basis of sustainable
development of universities.

To achieve this goal, the following tasks are set:

— to investigate the practical experience of implementing
digital culture based on the principles of sustainable devel-
opment of the university;

— to form indicators for expert evaluation of digital cul-
ture based on the principles of sustainable development of
the university;

— to substantiate the mathematical model for assessing
the level of digital culture on the basis of the sustainable
development of the university;

— to evaluate the indicators of digital culture based on
the principles of sustainable development of the university;

— to determine the level of digital culture based on the
principles of sustainable development of the university.

of the Lviv Polytechnic, which corresponds to the goals
of sustainable development of the United Nations [29]. In
particular, strategic goal 1: “Attract talented young people
motivated to study at the university”, strategic goal 2: “Cre-
ate an environment favorable for study, work, and personal
development.”

In order to devise methodological principles for assess-
ing the level of digital culture in the systems of sustainable
development of universities, a mathematical model was built,
based on the matrix approach and using methods of fuzzy
set theory. Saati’s method of paired comparisons was used
in the justification. The matrix approach makes it possible
to simplify multi-iteration calculations and reduce them to
an integrated indicator of digital culture. The mathematical
model constructed for evaluating digital culture on the basis
of sustainable development at the university was tested on
student projects of the educational discipline “Fundamentals
of entrepreneurship and business planning using IT”.

4. The study materials and methods

The object of our study is the process of evaluating
digital culture in the systems of sustainable development of
universities.

In order to achieve the goal of the work, hypotheses have
been formed that contribute to establishing the framework
of this study and substantiating the expected results:

Hypothesis 1. Integrated indicators should be used to
evaluate digital culture in the systems of sustainable devel-
opment of universities, which could allow comprehensive
analysis of student projects and other activities based on
digitization.

Hypothesis 2. Our system of indicators for evaluating
digital culture on the basis of sustainable development is
universal for various types of projects, business areas, and all
other factors of project work.

Hypothesis 3. The proposed system will make it possible
to convincingly answer the question of which of the projects
is the best in terms of the level of digital culture, based on
taking into account all indicators.

The place of research implementation is the Lviv Poly-
technic National University. The university has a developed
development strategy “Lviv Polytechnic — 2025” [28], based
on the goals of sustainable development, which is manifested
at various levels of educational and scientific activity and
various specialties of the university. Virtually all academic
disciplines are mediated by sustainable development goals:
most learning outcomes require the implementation of one
or another goal. This testifies to the high level of spread of
the ideology of sustainability among the participants of the
educational process. A large number of educational disci-
plines are implemented with the help of digital technologies
or for the results obtained on their basis, which gives reason
to evaluate the results of these disciplines in terms of the
level of digital culture mediated by the ideas of sustain-
able development. In particular, one of these disciplines is
“Fundamentals of entrepreneurship and business planning
using I'T”, which belongs to the list of university-wide op-
tional disciplines. In the fourth semester of 2023/2024 this
discipline was studied by 567 students of 17 specialties at the
Lviv Polytechnic National University.

The chosen academic discipline was developed taking
into account the provisions of the development strategy

5. Results of devising the methodological principles for
evaluating digital culture in the systems of sustainable
development of universities

5. 1. Studying the practical experience of digital cul-
ture implementation based on sustainable development
of the university

Our research was implemented on the example of the
university-wide selective academic discipline at the Lviv
Polytechnic National University — “Fundamentals of entre-
preneurship and business planning using IT”. It is taught by
specialists of the educational program 6.051.00.03 “Business
Economics” (bachelor’s level of higher education). Main
characteristics of the discipline: scope — 3 ECTS credits;
field of knowledge — social and behavioral sciences, form of
study — correspondence, full-time (3 or 4 semesters), type of
control — differentiated assessment.

The analyzed course is determined by interdisciplinarity.
The main goal is for students to learn the basics of entre-
preneurial activity, in particular, the practice of developing
innovative projects. To this end, during their studies, students
master approaches to the generation of innovative ideas, meth-
ods of substantiating the validity of the idea from the market
point of view, create and test a prototype of their product,
build business models and market launch strategies, etc. One
of the results, by which the level of knowledge acquisition by
students is assessed, is the presentation of the representation
of the product project developed during the semester.

An important feature of the discipline “Fundamentals
of entrepreneurship and business planning with the use of
IT” is the participation of students of various specialties of
the Lviv Polytechnic. According to the terms of the course,
students form teams (3—7 people) in which they work during
the semester. Each member of such a team is responsible for
a specific component of project work, which is a prototype
of the construction of work in modern IT companies. At the
same time, compliance with the goals of sustainable devel-
opment is a mandatory condition for the implementation
of the project. This approach is designed to help students
understand the applied implementation of the ideology of
sustainability, to master specific ways of observing digital
culture in practice.

Student projects carried out using IT on the basis of
compliance with the goals of sustainable development are



characterized by a certain level of digital culture. Having
determined this level, analyzing the obtained results, one
can gain an understanding of what exactly is a stumbling
block in one or another type of project activity and make
appropriate adjustments. This will enable students to see,
through practical examples, how to adhere to digital culture
on the basis of sustainable development.

To analyze the subject of the research, a sample of
students was considered (4th semester, 2023,/2024 year):
567 students of 17 specialties at the Lviv Polytechnic (in
particular: “Computer technologies” — 37 %, “Software
engineering — 17 %, “Comp “Computer linguistics” — 7 %,
«Cyber security and information protection” — 7 %, “Infor-
mation systems and technologies” — 6 %, “System Analy-
sis” — 6 %, “Materials Science” — 5 %, “Biotechnology and
Bioengineering” — 3 %, “Architecture and Urban Plan-
ning” — 4 %, “Marketing” — 5 %, and others — 3 %). A sig-
nificant number of course participants testifies to the high
level of its relevance and compliance with market demands.
Such a sample provides a wide field of projects for evaluating
the level of their digital culture, determined by the system of
sustainable development of the university.

Within the framework of this study, a number of education-
al projects developed by students during 2024 were considered:

— the “MyNature” project is a mobile application de-
signed to facilitate access to knowledge about nature and
make the process of studying it interesting and accessible.
The application makes it possible to identify plants and ani-
mals using a smartphone camera (the user can take a photo,
and the application will identify the species and provide in-
formation and various interesting facts about it). The mobile
application can characterize the location of the user and pull
up information about natural phenomena and objects of this
area. The project declares the offer of educational modules
explaining natural processes;

— the “FizMat:)” project — a mobile application containing
a large library of developed interactive materials for teaching
mathematics and physics. In addition, a significant number of
tests, physical-mathematical games, and competitions aimed
at increasing the interest of young people in exact sciences are
offered. Users of the application can share their experiences and
discuss their results in the online community of participants;

— the “Medix” project — a mobile version of the web plat-
form for use by medical students. It makes it possible to dive
into individual systems of the human body and, in particular,
to monitor how medications act on certain organs. The de-
velopment makes it possible to see what is happening at the
cellular level of tissues, as well as to virtually interact with
various body organs in order to study them;

— the “HealthyWay” project is an application for smart-
phones that, with the help of monitoring functions, allows
users to track their physical condition. These include activity
level, sleep parameters, heart rate, weight and body mass
index, blood pressure and glucose level, etc. Based on the
data entered by the user (age, gender, activity level, etc.), the
application can provide personalized advice on nutrition, ex-
ercise, and healthy sleep. The application can offer interactive
training courses or programs on various topics: from nutrition
and fitness to the basics of first aid and stress management;

— “lll1Boooya” project is a mobile application for learning
foreign languages, including exotic dialects. The develop-
ment provides a variety of lessons: grammar, vocabulary,
reading, writing, and speaking. Users can communicate with
native speakers in real time via chat, audio, and video. An

interesting element of the application is the gamification of
the learning process. In addition, the product uses adaptive
algorithms that customize the learning process for a specific
user: the program evaluates his/her progress and offers exer-
cises according to the specified level,

can create a design and recipe of their own meal based on their
interaction with artificial intelligence systems. In addition, the
app offers thousands of recipes with step-by-step instructions,
photos, and videos that help users prepare meals easily. Recipes
can be divided into categories: national cuisine, level of diffi-
culty, cooking time, dietary features, etc. The application also
offers a list of recipes based on the user’s food preferences.

All student projects were carried out taking into ac-
count the “Sustainable Development Goals by the UN” [29],
which are included in the development strategy of the Lviv
Polytechnic, and on which the system of its sustainability
is based. In particular, goals related to human health and
well-being (1-3, 8, 10, 16, 17), resource and energy conser-
vation (6,7, 11-15), development of industry, innovation,
and infrastructure (9, 17), etc.

5. 2. Formation of indicators for expert evaluation
of digital culture based on the principles of sustainable
development of the university

To assess the level of digital culture on the basis of the
university’s sustainable development, a system of indicators
should be formed that should comprehensively reflect its state.
It is advisable to define the following as optimal indicators:

— digital security — an indicator designed to show the
level of compliance with the protection of information, net-
works, software, devices from unauthorized access. Under
the conditions of global digitization, the lion’s share of daily
human activity is transferred to the online space, which
determines the need to protect personal and corporate data.
The use of the digital security indicator of the student proj-
ect will provide an understanding of how much the project is
ready for practical implementation, how well it is developed
and ready for market launch;

— digital literacy is one of the most important indicators of
the proposed system because it proves the ability of students
to effectively use digital technologies in order to solve project
tasks. Digital literacy includes computer skills, the ability to
critically analyze data, understanding the basics of cyber se-
curity, the ability to navigate in the digital space, etc. Taking
this indicator into account in the digital culture evaluation
system will allow us to see how deeply students possess digital
skills and apply them in work on their projects;

— creativity in the digital environment. This indicator
reflects the level of intellectualization of student develop-
ment. That is, how creatively and innovatively the student
approached the development of his/her product. The impor-
tance of creativity is quite high because it makes it possible
to develop non-standard solutions designed to solve existing
problems in the best way (satisfy a certain market need, solve
a task that cannot be solved in a traditional way);

— use of social networks and communications — the in-
dicator determines the level of understanding and ability
of students to use social networks for effective commercial-
ization and planning of further business activities for their
projects. Social networks are used as a key tool for: exchang-
ing information, forming relationships between people, or-
ganizations, and communities. They are also important
for targeting audiences based on user experience and user



data analysis, developing a customer interaction strategy,
launching advertising campaigns, etc. Social networks allow
instant exchange of information, access to millions of users
in the world. The use of this indicator in the digital culture
evaluation system will indicate the level of students’ under-
standing of the modern principles of digitalization of society;

— innovativeness as an indicator aimed at reflecting
the level of innovative approaches used in student project
activities (in particular, the ability to apply artificial intelli-
gence, blockchain technologies, the Internet of Things, im-
mersive technologies, etc.) Innovative technologies change
approaches to product development in student projects and
ways of their market development ;

— digital rights and ethics. This indicator reflects the
level of students’ understanding of human rights in the digi-
tal environment (privacy, protection against discrimination,
freedom of expression, respect for copyright, etc.). At the
same time, the ethics of developing and using student prod-
ucts play an important role.

An increase in the values of each of the indicators will
lead to an increase in the level of digital culture in the proj-
ects as a whole.

As can be seen from the essence of our indicators, all of
them are mediated by the ideology of sustainable develop-
ment. It is here that the mutual influence of digital culture
and the goals of sustainable development, which was outlined
in the introduction to this study, is evident. A limitation of the
system of indicators is their incomplete suitability for all types
of projects. For example, strategic projects do not always
require “Creativity in the digital environment”. Also, not all
business ideas require “Use of social networks and communi-
cations”. The indicator “Innovativeness” can play a significant
role at the beginning of project work, in particular, reflecting
the level of intelligence embedded in it. However, over time,
when a product is brought to market, the level of “innova-
tion”, as well as “digital literacy”, will not change as much as
the level of other indicators (for example, “digital security”).
Therefore, hypothesis 1 is not fully true. Therefore, the system
can be adjusted in terms of individual indicators that are re-
sponsible for certain relevant aspects of digitization.

5. 3. Substantiating a mathematical model for evalu-
ating the level of digital culture based on the principles of
sustainable development of the university

To evaluate and compare student projects from the
discipline “Fundamentals of entrepreneurship and business
planning with the use of IT” regarding the level of digital
culture, they should be considered according to the set of
proposed indicators. For the most part, in such cases, any
indicators are multifaceted for experts, and therefore need to
establish significance levels. Therefore, in order to find out
the significance of indicators of digital culture, it is advisable
to use Saati’s method of paired comparisons.

At the same time, in a situation with unclear information
provision, the significance of indicators must be calculated
on the basis of the methods of the theory of fuzzy sets.

In the development of our approach to assessing the
level of digital culture on the basis of sustainable devel-
opment for student innovative projects, methodological
provisions [30, 31] were used for the algorithmization of the
comparative approach.

1stage. To use Saati’s method of paired comparisons,
evaluations of the advantages of quality characteristics of

student projects are determined on the basis of a nine-point
scale. So, the levels of advantages of element w; over wj:

—“1 point” — there is no advantage of element w; over wj;

—“2points” — the advantage of element w; over wj is
almost weak;

— “3 points” — the advantage of element w; over wj is weak;

— “4 points” — advantage of element w; over wj is almost
essential;

—“5points” — the advantage of element w; over wj is
significant;

— “6 points” — the advantage of element w; over wj is
almost obvious;

— “Tpoints” — the advantage of element w; over wj is
obvious;

— “8 points” — the advantage of element w; over wj is al-
most indisputable;

—“9 points” the advantage of element w; over wj is indis-
putable.

Taking into account the recommendations for the spec-
ified type of situations [31], the assessment is carried out
for one element, and the level of predominance of other el-
ements is established on the basis of the transitivity of log-
ical considerations. That is, if the i-th component prevails
over thej-th, and the latter has a certain advantage over the
k-th, the only fair rule is that the i-th component outweighs
the k-th more than the j-th. Evaluations are determined by
experts. For further work, the minimum estimates of the
advantages of other indicators over the i-th are chosen.

2 stage. The received expert evaluations are system-
atized in the form of a square diagonal matrix (1), which is
inversely symmetrical:

©w w©, .. ©,
(1 a, ... a,]
o | L 1 a,,
A=w, |a, . )
: : 1
w |11
Ay, 4y,

Inverse symmetry means that there are units on the main
diagonal, and all other elements placed below it are inverses
of the corresponding elements placed above. That is, for (1),

the conditions are valid: a;=—, ij=1n, where a;; is an

y
element located at the intersection of the i-th row and the
Jj-th column; gj; is an element at the intersection of the jth
row and i-th column.

Considering the nature of transitivity of elements in
matrix (1), comparative evaluations of other qualities of
student projects on the subject of digital culture should be
determined based on the expression:

ki

a .. —
a,‘jziv ly]ykzivny (2)
Ay

where ayj, ap; are known elements of the k-th row (i, j col-
umns). If an indicator (column name) prevails over another
indicator (row name), the corresponding matrix element will
be greater than one, and vice versa.

3 stage. The significance parameters (g;) are determined
using matrix (1) according to the expression:



a;+ay +...+a,

a; = ! = n1 —(Zaij), 3)
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where ayj+asj+..+ay,; are the elements of the jth column.

The degree of conformity papyi(Ps) of the S-variant of
the project (P;) to the i-th indicator is evaluated based on the
results of project comparisons on the basis of pairwise com-
parison matrices. According to the results of the comparison
of student projects for each indicator, the corresponding
number of matrices of pairwise comparisons in the size §x.§
are made, where S is the number of project options.

Evaluation of student innovative projects is a rather mul-
tifaceted process, so we shall use the following data:

— a set of projects to be evaluated:

P:{P1, PQ, PS, Ps};

— the set of indicators by which projects are compared:
ADV={ADVy, ADVs, ... ADV,, .. ADV,).

The correspondence of student projects to the i-th indicator
is represented by a fuzzy set ADV, on the set of P-variants:

Hapy, (P1) Hapy, (P2) Hapy, (Ps)
R on P

s

“)

ZEZ:{

where papyi=(Py) is a measure of whether the element P
belongs to the fuzzy set ADV,.

The best student project according to the level of digital
culture is considered to be the one that will be the best in all
indicators. Fuzzy solutions D are determined as the inter-
section of partial indicators:

D—ADV. A ADV, ...~ ADV, -

min Hapy, (P1) min Hapy, (Pz) min Hapy, (R)

i=l,n i=1,n i=l,n
= : , ' yeves ’ .6
P, P, P ©

According to the resulting fuzzy set D, in a situation
with balanced indicators of project evaluation, the one with
the maximum degree of belonging is considered the best:

D=argmax(p, (P).p (B, by ())- (©)

In the case of imbalance of indicators, measures of mem-
bership to a fuzzy set D are calculated using the expression:

HD(PS):IE%I(HADV} (Ps))ﬂ » s=1S, @)

where q; is the coefficient of relative importance of the indi-

cator ADV;, Zai =1, which concentrates the fuzzy set ADV;
i=1

according to the degree of importance of the indicator ADV;.

5. 4. Evaluating the indicators of digital culture based
on sustainable development of the university

Six selected student projects developed within the ed-
ucational discipline “Fundamentals of entrepreneurship
and business planning using IT” were considered: “MyNa-
ture” (P,), “FizMat:)” (Py), “Il!Boooya” (P.), « Medix” (P,),

culture indicators substantiated above:

— innovativeness (ADV});

— digital literacy (ADV>);

— creativity in the digital environment (ADV3);

— use of social networks and communications (ADVy);

— digital security (ADV5);

— digital rights and ethics (ADV).

Expert judgments obtained on the basis of pairwise
comparisons of the first indicator (ADV;) with others are
summarized in matrix (8). Logical evaluation expressions
are as follows:

— there is an undeniable advantage of ADV, over ADV;

— there is a weak advantage of ADV3 over ADVy;

— there is no advantage of ADV, over ADV;

—there is an almost significant advantage of ADVj
over ADVy;

— there is a clear advantage of ADVj over ADV.

The resulting expert positions make it possible to deter-
mine the following points:

1 1
a,=9; ay 25; a;=3; ay =§; a, =1

1 1
ay=1 a;=4; as; :Z; a =17, ag :;-

Thus, the diagonal inverse-symmetric matrix of compar-
isons will look like this:

193 147
3147

9 9999

L9 147
A_l3 3 333 ®)
193 1,7

19317

44 4 &4

193121

77777 |

As aresult of applying expression (3) to each of the rows
of matrix (8), the calculated significance of the indicators of
the studied student projects will be, in particular:

— innovativeness (ADV)):

1

a=——-——=0.04
1+49+3+1+4+7

— digital literacy (ADV5):

=0.36;

— creativity in the digital environment (ADV3):
1

a3:1 9 i 7:0.12;
—+—+l+ o+
3 3 3 3 3

— use of social networks and communications (ADVy):



a ——1 =
Y14 9+3+1+4+7

0.04;

— digital security (ADV;):

=0.16;

4 4 4 4 4

Together, the above indicators will make up unity:

be adjusted in part of the entered indicators since it is based
on the algorithm of our model.

5. 5. Determining the level of digital culture of stu-
dent projects based on the principles of sustainable de-
velopment of the university

To determine the level of digital culture of student
projects based on the principles of sustainable development,
we shall perform a pairwise comparison of each of the six
indicators, using point estimates of the predominance of one
element over another (Table 1).

Table 1

Evaluation of student projects according to indicators of digital
culture, based on the Saati scale

Indicators
0.04+0.36+0.12+0.04+0.16+0.28=1. ' of the
Graphically, the calculated values of the significance | [ndicator Smdent S The nature Of,Predommance of matrix of
findi : PR, project ID indicators A
of indicators of student projects are shown in Fig. 1. pairwise
comparisons
An almost significant advantage {
/4
over Py
Inr}o- «MyNa- A significant advantage over P, 1/5
(Y:B?/?) ture» (P,) Undoubted advantage over Py, 1/9
An almost obvious advantage over P, 1/6
An almost obvious advantage over Py 1/6
Undoubted advantage over P, 1/9
o An almost significant advantage 1/4
liﬁ:;l, <FizMat:)> over P
. P,
# Innovativeness (ADV)) (Py) Undoubted advantage over P, 1/9
u Digital literacy A significant advantage over P, 1/5
u Creativity in the dlgltal environment An almost obvious advantage over Pf 1/6
U.se.Of socialinetworks and communications B Undoubted advantage over P, 1/9
u Digital security Creativity —
u Digital rights and ethics in the A significant advantage over P, 1/5
- «!!!Boooya»
digital en- (P Undoubted advantage over Py, 1/9
Fig. 1. Distribution of the significance of evaluation vironment ¢ Undoubted advantage over P, 1/9
indicators for student innov.at'ive projects according to (ADVs) Undoubted advantage over Py 1/9
the level of digital culture Weak advantage over P, 1/3
According to the results of our calculation of the | Useof Weak advantage over P, 1/3
significance of indicators, it is clear that the largest |[social net- . An almost significant advantage 1/4
share belongs to “digital literacy” (36 %) and “dig- |worksand| «Medix> over P,
ital rights and ethics” (28 %). After them, we note cprn;nu- (Pa) An almost significant advantage 1/4
“digital security” (16 %) and “creativity in the digital n(llii)l‘(;ris over P,
environment” (12 %). The smallest share is “use of ‘ An almost significant advantage 1/4
social networks and communications” (4 %) and “in- over Py
novativeness” (4 %). Understanding the significance A significant advantage over P 1/5
of student project eya}uatmn 1nd1cator§ is the basis Dicital A significant advantage over P, 1/5
for further substantiating the level of digital culture secﬁrit <Healthy- Undoubted advantage over P 19
for each of them. From the obtained data, it is clear (ADV5})7 Way» (P.) — VAntage over fd
that the value of digital literacy of project authors is A significant advantage over P /5
significant, compared to other indicators, because it is Undoubted advantage over Py 1/9
the basis for the development of such projects. It is also A significant advantage over P, 1/5
impprtant to observe rights and ethics in the. digital Digital | An almost obvious advantage over P, 1/6
environment, as well as understandlng. the principles rlgh;S. and| «Jidiisty!> [T advantage over Py 1/6
of digital security. Failure to comply with at least one ethics (P) A significant advantage over P 15
of the last two indicators can lead to a complete market | (APV6) g . g -
fiasco of the project. An obvious advantage over P, 1/7
Within the framework of this evaluation process,
individual indicators may not be fully suitable for a specific Based on the indicators of the preferences of student

evaluation situation, or the possibility of their use only overa  projects, the corresponding matrices of pairwise compari-
certain period of time. Then the system of indicators should  sons were formed:
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For each of the matrices formed above, measures of mem-
bership of the elements of the fuzzy set ugi(P;) were estab-
lished (according to expression (3)). The results are the values
of the membership functions pg;(P;) of element P; in the fuzzy
set ADV,. Therefore, the fuzzy sets certifying the degree of
certainty in accordance with the student projects (P,), (Pp),
(Pe), (Py), (P) and (Py) to indicators ADV=A DV, are as follows:

ADV {

a

)

L

)

P

c

)

7

)

)

0.53 0.132 0.106 0.058 0.088 0088}

LA i

0.609 0.064 0.121 0.067 0.067 0.067

)

L,

)

P

c

)

F,

)

)

P P

e I

P

)

P

b

)

P

c

)

F,

)

)

p p

0.16 0.16 0.104 0.104 0.104

i3

)

)

{0 609 0.064 0.121 0.067 0.067 0067}

e f

!

)

—_ O | -

O |~

W W

—_ -

—_

ol &=~

—_

0.549 0.109 0.109

—_ |'p,
ADV, =

’

L

)

)

P

c

0.0549 0.121 0.058 |’

L,

F,

)

)

P

e

L,

)

)

Py

) 0.54 0.107 0.088
F,

)

olurt = il Gl O =

—_

—_ U] —

_ = oo ol PO o~

NG EOURNNG RUCRNNG N

—_

I

ADV =
©710.088 0.107

0.108 |

P, P

e

Analyzing the results

P,

does not yield a con-

vincing answer to the question of which of
the projects is the best in terms of the level of
digital culture, based on taking into account
all indicators. The results are thus subject to
clarification, in particular, taking into account
the significance of the indicators.

Each of the components of fuzzy sets should
be raised to the power of relative significance of

indicator aj ..
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The given fuzzy sets reflect the extent to which
fully developed student projects (P,, Py, P. Py
P,, Py) satisfy the indicators for selecting the best
option ADVi+=ADV; (Table 2). Plots of the member-
ship functions of the fuzzy sets obtained above are
shown in Fig. 2.

Our research confirms that according to indicators
of low significance, in particular “digital security” and
“creativity in the digital environment”, the differences
between the projects have been smoothed out. In con-
trast to indicators with high significance — “digital
literacy” and “digital rights and ethics”. Therefore, it
is quite difficult to select the best project.

The intersection of fuzzy sets ADV, makes it pos-
sible to find out the best project and, in accordance
with the degree of belongingness of the fuzzy solution
D, determines the degree of optimality of each of the
evaluated project options:

0.975;0.719;0.942;

p,P, =min ’ ’ =0.719,
0.965;0.909;0.842
092203630719 —0.363,
0 929;0.701;0.535

P = min 0.914;0.488;0.776; 0488,
0.929;0.701;0.506
0.892;0.364;0.723;

ppP, =min =0.364,
0.913;0.629;0.506
0 097;0.597;0.723;

ppP, =mi =0.535,
0.913,0.713,0.535

0.907;0.421;0.723;

P, =mi 0.421.
Moty mm(o.913;0.634;0.535j

Therefore, the fuzzy set of optimal solutions:

5_[0.719 0363 0.488 0.364 0.535 0.421
Pa , Pa ’ Pa , })(1 , Pﬂ , Pﬂ ,
will make it possible to organize student projects according
to the indicators of the level of their digital culture on the
basis of sustainable development. However, it is impossible
to state with certainty that among the analyzed student
projects there is one that fully satisfies the developed system
of indicators. The fuzzy set D is missing an element with a

membership degree close to “1” (uAD% (P)<1s= a,b,c,d,e,f).

Student project P, (“MyNature”) satisfies the group
of digital culture level indicators by 71.2 %, project
P, (“HealthyWay”) by 53.5 %, P. (“!!!Boooya”) by 48.8 %.
The other projects Py (“FizMat )", P; (“Medix”), and

tively. So, student prOJects P, P, P, are characterlzed by the
highest level of digital culture.

Table 2
Calculated values of fuzzy sets based on student projects
Inno- Digital| Creativity | Use of social |Digital| Digital
. . liter- | in the digital |networks and| secu- |rights and
Project ID  |vation,| ~ " . . . hics
ADV, acy, |environment,| communica- | Tity, ethics,
ADV, ADV3 tions, ADV; | ADV5 | ADVg
«MyNature» | 0.975| 0.719 0.942 0.965 0.909 | 0.842
«FizMat:)» |0.922 | 0.363 0.719 0.929 0.701 | 0.535
«!!"Boooya» |0.914 | 0.488 0.776 0.929 0.701 | 0.506
«Medix» 0.892 | 0.364 0.723 0.913 0.629 | 0.506
«HealthyWay»| 0.907 | 0.597 0.723 0.913 0.713 | 0.535
<«Jiiiiisty!» | 0.907 | 0.421 0.723 0.913 0.634 | 0.535
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Fig. 2. Comparison of weighted evaluations of the compliance
of student innovative projects with indicators of the selection
of the best option ADV;+ADVg
Calculated by Authors



6. Discussion of results related to devising the
methodological principles for the evaluation of digital
culture in the systems of sustainable development of
universities

To study the practical experience of implementing digital
culture on the basis of the system of sustainable development
of the university, an array of educational disciplines taught
at the Lviv Polytechnic was considered. Among them, “Fun-
damentals of entrepreneurship and business planning with
the use of IT” was chosen, where during the educational
process digital technologies are used, aimed at ensuring the
goals of sustainable development. Considering the fact that
the subject is presented for all educational programs of the
university, and it is interdisciplinary, students create teams
to implement its project part. They can have participants
from various specialties of the university, which simulates
approaches to project work in IT companies. On the one
hand, it makes it possible to combine specialists of various
fields to work out a joint commercial idea, each of which will
play an important role during the research and development
of the product. On the other hand, all team members have
the opportunity to see the full process of developing a busi-
ness idea, and not only in part of their competences. Such a
comprehensive approach contributes to increasing the level
of digital culture of projects, since each of the components of
this indicator is given the attention of the specialist respon-
sible for it. The above testifies to the importance and conve-
nience of further consideration of this academic discipline in
relation to the assessment of digital culture.

In the context of the given topic, our study has made it
possible to establish the defining aspects of the educational
process within the discipline “Fundamentals of entrepre-
neurship and business planning using IT”, in particular:

— the indicator of digital culture should be integrated,
then its research on the example of the chosen discipline
will contribute to understanding the advantages and “bot-
tlenecks” of student projects in terms of specific components
of digital culture. This confirms hypothesis 1. Moreover, the
choice of this discipline not only made it possible to analyze
the state of digital culture on specific projects but also to
work out specific moments of the digital culture evaluation
process (data collection practices and the formation of a
mathematical model of their evaluation);

—in the analyzed student projects (“MyNature”,
“HealthyWay”, “!llBoooya”, “FizMat:)”, “Medix”, “[iiii-
isty!”), ideas of sustainability are embedded, which cor-
respond to the principles of the university’s sustainable
development system. However, the use of digital technolo-
gies for the realization of student ideas can bring not only
advantages but also risks due to the progress of the digital
world. Such risks are difficult to identify during project
work, which takes place only during one semester. For
example, ensuring digital security is a costly and time-con-
suming process. Therefore, this situation often makes it
impossible to get projects with a high level of readiness for
implementation and, accordingly, lowers the level of their
digital culture. This is one of the limitations of project work
within the discipline;

— obviously, the fundamental provisions of digital cul-
ture, determined by the ideology of sustainable development,
should be announced to students before starting project activ-
ities. In order to pay attention to them, more deeply and qual-
itatively adhere to the indicators of digital culture at work.

To justify the level of digital culture inherent in student
projects, a system of indicators for its evaluation has been
built. Unlike known systems, the proposed one contains
a number of indicators that comprehensively characterize
the level of digital culture of the project, in particular
digital security, digital literacy, creativity in the digital
environment, use of social networks and communications,
innovativeness, digital rights and ethics. A limitation of
our system is the presence of situations where individual
indicators may not be suitable for evaluating specific proj-
ects. For example, there are cases of products of strategic
importance, for which the indicator “creativity in the digi-
tal environment” will have a somewhat limited expression.
In addition, not all projects require “the use of social net-
works and communications” because there are many other
ways of targeted promotion in networks. The indicator “in-
novativeness” can play a significant role at the beginning of
project work because it proves the embedded intelligence.
However, over time, during the market launch of the prod-
uct, the level of “innovation” and “digital literacy” will not
change as rapidly as the level of other indicators (for exam-
ple, “digital security”).

Therefore, it is possible to adjust our system in this part
by introducing indicators that are responsible for certain rel-
evant aspects of digitization. Therefore, hypothesis 2, which
assumed the universality of the system for different types of
projects, business areas and all other factors of project work,
is not fully true: although it is universal, it is subject to ad-
justments in appropriate cases.

The application of our system of indicators for assessing
the level of digital culture on the basis of the sustainable de-
velopment of the university is substantiated with the help of
a mathematical model based on the matrix approach and us-
ing the methods of the theory of fuzzy sets. It was noted that,
for the most part, in the analyzed case, any indicators are
multifaceted for experts, and therefore require the establish-
ment of significance levels, therefore, the method of paired
comparisons by Saati was applied. Based on studies [30, 31],
the approach to project evaluation proposed there was ad-
vanced. In particular, the scale of item preferences has been
added. Expert evaluations are systematized in the form of a
square diagonal matrix, which is inversely symmetrical (4).
This way of displaying expert evaluations makes it possible
to simplify multi-iteration calculations and reduce to an
integrated indicator of digital culture. The symmetry of
the matrix contributes to the precision of the results. Such
a matrix makes it possible to allocate computing resources
in algorithms more efficiently. At the same time, it is deter-
mined by the transitivity of the elements. However, unlike
those reported in [30, 31], our indicators make it possible to
create further economic analysis in the system of sustainable
development of the university.

The mathematical model operates with a set of student
projects to be evaluated (P={Py, Ps, ... P, ... Ps}) and a set of
indicators by which the projects are compared (ADV={ADVj,
ADVy, ... ADV;, ... ADV,)}). The best project regarding the level
of digital culture should be considered the one that will be bet-
ter according to all indicators of the evaluation system. Among
the equilibrium indicators of project evaluation, we consider
the one with the maximum degree of relevance to be the best.

However, despite the optimization, an obvious drawback
of the evaluation process is its complexity and multi-layered-
ness. Automation of calculations will help solve this, which is
the subject of further research by our team.



The developed mathematical model for evaluating digital
culture on the basis of sustainable development at the uni-
versity was tested on student projects. In particular, “My-
Nature”, “FizMat:)”, “!llBoooya”, “Medix”, “HealthyWay”

ness” (ADV)), “digital literacy” (ADV,), “creativity in the
digital environment” (ADV3), “use of social networks and
communications” (ADV)), “digital security” (ADVs), “digi-
tal rights and ethics” (ADV;). Expert judgments obtained on
the basis of pairwise comparisons of indicators with the use of
logical evaluative expressions made it possible to obtain point
evaluations of indicators and form a diagonal inverse-sym-
metric matrix of comparisons. The calculated significance
of the indicators of the studied student projects will be,
in particular: according to ADVy, a;=0.04; ADV5, a»=0.36;
ADVs, a3=0.12; ADVy, a;=0.04; ADVs, a5=0.16; ADVg,
a=0,28, which add up to unity. Therefore, the largest share
belongs to the indicators of “digital literacy” (36 %) and
“digital rights and ethics” (28 %). After them, we note “dig-
ital security” (16 %) and “creativity in the digital environ-
ment” (12 %). The smallest share is “use of social networks
and communications” (4 %) and “innovativeness” (4 %).
The results are explained by the fact that the significance of
the digital literacy of project authors is high, compared to
other indicators, as it is the basis for the development of such
projects. It is important to respect the rights and ethics in
the digital environment, as well as to understand the basics
of digital security. Failure to comply with at least one of the
last two indicators can lead to a complete market fiasco of
the project.

In this part of the assessment, there may be a limitation that
was already mentioned in the proof of hypothesis 2 — the incom-
plete suitability of individual indicators for a specific assess-
ment situation, or the possibility of their use only over a certain
time period. In this case, the indicators in the system should be
adjusted since it is based on the algorithm of our model.

The use of our proposed model has made it possible to
establish the level of digital culture of student projects on
the basis of sustainable development at the university. For
this purpose, pairwise comparisons were made for each of the
six indicators of our system, using point estimates of their
predominance. Corresponding matrices of pairwise compar-
isons were formed, with the determination of the degree of
belonging of the elements to the fuzzy set. Analysis of the
results did not make it possible to convincingly answer the
question of which of the projects is the best in terms of dig-
ital culture, based on taking into account all the indicators,
which negates hypothesis 3. The results were refined taking
into account the significance of the indicators. For this pur-
pose, each of the components of the fuzzy sets is raised to the
power of relative significance of the indicator a ... ag. Our
results showed that according to indicators of low signifi-
cance, in particular, “digital security” and “creativity in the
digital environment”, the differences between the projects
were smoothed out, in contrast to indicators with high sig-
nificance — “digital literacy” and “digital rights and ethics”.
Therefore, it is quite difficult to select the best project.

It was found that it is impossible to state with cer-
tainty that among the analyzed student projects there is
one that fully satisfies the developed system of indicators.
The calculation results showed that the student project
“MyNature” satisfies the group of digital culture level in-
dicators by 71.2 %, the “HealthyWay” project by 53.5 %,

and “!l'Boooya” by 48.8 %. The other projects, “FizMat:)”,

and 42.1 %, respectively. So, the highest level of digital
culture characterizes the student projects “MyNature”,

Thus, it can be stated that the proposed mathematical
model for evaluating the level of digital culture on the
basis of sustainable development of universities is suitable
for practical use. It meets the research objective and gives
valid results. However, the result is characterized by a
number of limitations, which were discussed above. To
avoid such limitations, this research should be developed
towards adjusting the indicators of digital culture (in
accordance with the topic and purpose of the project,
its duration, etc.). An open question of this work is the
study of reserves for changing the level of digital culture.
Solving this task will make it possible to individually ap-
proach each project evaluation situation and understand
the direction of managing their digitization based on the
received evaluations.

7. Conclusions

1. Our research problem has been worked out using an
example of the Lviv Polytechnic National University ed-
ucational discipline — “Fundamentals of entrepreneurship
and business planning with the use of IT”, within which
student teams carry out projects using digital technologies
on the basis of sustainable development. Each participant is
responsible for a specific component of project work, which
is a prototype of the construction of work in modern IT
companies. The team participation of students of various
specialties at the Lviv Polytechnic is designed to give them
an understanding not only of a profile fragment of the proj-
ect but of its course as a whole. A mandatory condition for
the implementation of projects is compliance with the goals
of sustainable development, which are included in the de-
velopment strategy of the Lviv Polytechnic, and on which
the system of its sustainability is based. A significant sam-
ple (567 students of 17 specialties) made it possible to choose
anumber of projects for evaluating digital culture. In partic-
ular, such: “MyNature”, “FizMat:)”, “Medix”, “HealthyWay”,
“I1IBoooya”, “fiiiiisty!”.

2. For the expert assessment of digital culture based on
the principles of the university’s sustainable development,
a system of indicators has been created that comprehen-
sively reflect its state. For example, “digital security” gives
an understanding — to what extent the project is ready for
practical implementation, worked out and ready for mar-
ket launch. “Digital literacy” certifies students’ ability to
effectively use digital technologies in order to solve project
tasks. “Creativity in a digital environment” reflects the level
of intellectualization of student development. “Use of social
networks and communications” determines the level of un-
derstanding and ability of students to use social networks for
effective commercialization and planning of further business
activities for their projects. The use of this indicator in the
digital culture evaluation system will indicate the level of
students’ understanding of modern principles of digitaliza-
tion of society. “Innovativeness” as an indicator aimed at
reflecting the level of innovative approaches used in student
project activities. “Digital rights and ethics” reflects the lev-



el of students’ understanding of human rights in the digital
environment. All indicators are mediated by the ideology of
sustainable development. In the course of the work, limita-
tions of our system were revealed — incomplete suitability of
all indicators for all projects.

3. When substantiating the mathematical model for
assessing the level of digital culture on the basis of the sus-
tainable development of the university, it was determined
that the indicators are multifaceted for experts, so they need
to establish levels of significance. To this end, Saati’s meth-
od of paired comparisons was used. Expert evaluations of
the advantages of quality characteristics of student projects
were determined based on a nine-point scale, which were
systematized in the form of a square inverse-symmetric diag-
onal matrix. This made it possible to simplify multi-iteration
calculations and reduction to an integrated indicator of
digital culture. The symmetry of the matrix contributed to
obtaining significant accuracy of the results. The proposed
approach has made it possible to allocate computing resourc-
es in algorithms more efficiently.

The mathematical model includes a set of student proj-
ects to be evaluated (P={Py, P, ... P;, ... Ps}) and a set of in-
dicators by which the projects are compared (ADV={ADV,
ADV,, ... ADV, ... ADV,}). According to the resulting model,
the best project regarding the level of digital culture can
be considered the one that will be better according to all
indicators of the evaluation system. Among the equilibrium
indicators of project evaluation, we consider the one with
the maximum degree of relevance to be the best. Note that
the disadvantage of the evaluation process is multi-iteration.

4. Six selected student projects were considered during
the determination of the indicators of the digital culture as-
sessment model based on the principles of sustainable devel-
opment. All of them are developed within the framework of
the educational discipline “Fundamentals of entrepreneur-
ship and business planning using I'T” based on well-founded
indicators of digital culture. Expert judgments obtained on
the basis of logical evaluative expressions made it possible to
set points for the elements of the matrix and form it. Using
the matrix, the significance of indicators of digital culture
of student projects was calculated. In particular: according
to ADVy, a1=0.04; ADV,, a»=0.36; ADV3, a3=0.12; ADV,,
a4=0.04; ADVs, a5=0.16; ADVg, ag=0.28, which add up to
unity. The largest share belongs to the indicators of “digital
literacy” (36 %) and “digital rights and ethics” (28 %). After
them, we note “digital security” (16 %) and “creativity in the
digital environment” (12 %). The smallest share is “use of so-
cial networks and communications” (4 %) and “innovative-
ness” (4 %). It is clear from our results that the significance
of the digital literacy of project authors is high, compared to
other indicators, as it is the basis for the development of such
projects. It is important to respect the rights and ethics in
the digital environment, as well as to understand the basics
of digital security. Failure to comply with at least one of the
last two indicators can lead to a complete market fiasco of
the project.

5. To establish the level of digital culture of student proj-
ects based on the principles of sustainable development at
the university, first of all, their pairwise comparisons were
made, according to each of our indicators, with the use of
points for the predominance of one element over another.
On the basis of estimates, corresponding matrices of pair-
wise comparisons were formed, to each of which measures

of membership of the elements of the fuzzy set pg;(P;) were
established. The results are the values of the membership
functions pg;(P;) of element P; of the fuzzy set @VZ Fuzzy
sets have been determined that demonstrate the degree of
certainty in accordance with student projects (Py), (Py), (P.),
(Pa), (P,) and (Py) to indicators ADVi=ADVj.

Our results did not make it possible to make sure which
of the projects was the best in terms of the level of digital
culture, taking into account all the indicators of the system.
Therefore, they were refined taking into account the signif-
icance of the indicators: each of the components of the fuzzy
sets was raised to the power of relative significance of the
indicator a;...ag. The study showed that on indicators of low
significance, in particular, “digital security” and “creativity
in the digital environment, differences between projects are
smoothed out, in contrast to indicators with high signif-
icance — “digital literacy” and “digital rights and ethics”.
Therefore, it is quite difficult to select the best project. The
intersection of fuzzy sets made it possible to find out the
best project and, according to the degree of belongingness
of the fuzzy solution , determined the degree of optimality
of each of the evaluated project options. Therefore, the fuzzy
set of optimal solutions is as follows: D={0.719/P,; 0.363/P;
0.488/P;; 0.364/Py; 0.535/P,; 0.421/P,}. This will make it
possible to organize student projects according to the level
of compliance with the indicators of the level of their digital
culture on the basis of sustainable development. However, it
is impossible to state with certainty that among the analyzed
student projects there is one that fully satisfies the developed
system of indicators. In the fuzzy set D there is no element
with the degree of membership approaching “1” (ugi(Py)<1,
s=a,b,c de,f).

Student project P, (“MyNature”) satisfies the group of dig-
ital culture level indicators by 71.2 %, project P, (“Healthy-
Way”) by 53.5 %, P. (“IllBoooya”) by 48.8 %. The other

satisfy 36.3 %, 36.4 %, and 42.1 %, respectively. So, student
projects P,, P,, P.are characterized by the highest level of
digital culture.
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